This paper examines the forward premium puzzle based on the most recent data for different horizons. The paper finds that the well-known puzzle disappears in short horizons, such as one day, but continues to exist in medium horizons such as one week or one month. This finding is proved to be robust relative to different time periods, transaction costs, and both the sign and the high persistency of the forward premium. This new finding also suggests that information integration and expectations formation in the foreign exchange market are potentially the most promising directions to approximate the ultimate solution to the puzzle.
Introduction
One of the most extensively examined topics in international finance is the efficiency of the forward market for foreign exchange. Numerous studies show the failure of the forward exchange rate to serve as an unbiased predictor of the future spot rate. Furthermore, most empirical tests generate significant negative coefficients in the regression of the spot rate change on the forward premium instead of the theoretical value of unity. In the literature, this phenomenon is often referred to as the forward premium (or discount) puzzle (or anomaly).
A notable aspect of almost all published studies, however, is that they usually use data with a single maturity, mostly one month or one week. Naturally, an important question is: Would the results be consistent if the puzzle is examined based on data obtained in the same period but with various maturities? To answer the question, this study tests the unbiasedness hypothesis based on major industrial countries' exchange rate data in various horizons (1-day, 1-week and 1-month).
The paper begins with a discussion of the traditional test, which regresses the spot exchange rate change on the forward premium; results obtained from a 1-day horizon differ strikingly from those obtained using longer horizons (1-week or 1-month). Specifically, in the 1-day horizon, all of the slope coefficients of the test have correct (positive) signs and appear to be equal to their theoretical value of unity in most cases. In contrast, both 1-week and 1-month horizons continue to generate significant negative coefficients; these results are similar to those reported in the pioneering studies.
This distinction seen in the results obtained from different horizons is novel, and few studies have reported it before. Whether this finding is robust or spurious is a serious concern that this paper must address. The validity of the test and the robustness of the finding could be suspect due to the following factors. First, some studies, such as Zhou and Kutan (2005) , suggest that unbiasedness hypothesis test results are sometimes time-varying. So, it must be determined if the finding presented in this paper is robust for different time periods. Second, Bansal (1997) argues that the sign and magnitude of the slope coefficients in the test depend on whether the forward premium is positive or negative. So, this research must likewise determine if the sign of the forward premium affects the robustness of the finding.
Third, Bekaert and Hodrick (1991) argue that traditional testing ignores the transaction costs associated with the no arbitrage condition on which the test equation is based. Accordingly, it must be determined if the inclusion of the arbitrage cost alters the finding of this research. Finally, recent econometric literature, such as Maynard (2006) , suggests that the high persistence property possessed by the regressor (i.e., the forward premium) in the traditional test invalidates the statistical inferences obtained through Ordinary Least Squares (OLS) estimation. Therefore, the finding presented herein must consider if the results are simply statistical artifacts.
To address each of these concerns, several robust tests have been conducted, and the results show that the new finding is reliable. This article's contribution to the literature is two-fold. First, it provides new empirical evidence that deepens understanding of the forward premium puzzle. This evidence shows that the forward premium puzzle depends on the horizon of forward contracts. Second, this finding has great implications for the vast literature that presents numerous attempts to provide an explanation for the puzzle. Logically, if a study claims that one certain factor causes the puzzle, then in the scenarios where the puzzle does not exist, that factor may not necessarily hold either. The finding presented here suggests that a short horizon, such as one day, is such a scenario. That is, the short horizon provides a strong and logical tool to evaluate the validity of current standard explanations to the puzzle.
The remainder of the paper is structured as follows: Section 2 describes the data and presents preliminary results; Section 3 presents several robust tests; Section 4 discusses the implications of the new finding to the solution-seeking process of the puzzle; and Section 5 concludes. (
Traditional testing
Previous estimates of equation (1) . More puzzling, the slope coefficient β is frequently found to be a significantly negative number. Since the 1980s, numerous papers have been devoted to reconciling this puzzle, e.g., Fama (1984 ), Cornell (1989 ), McCallum (1994 and Lewis (1995) . Among these works, it is noticeable that almost all previously tested data involve forward rates with a single maturity, usually a 1-week or 1-month horizon. The motivation to explore the puzzle from a new perspective is derived from a curiosity as to whether results are consistent across various horizons.
The data employed in this paper were extracted from DataStream 1 and contain dollar rates for several major currencies, including the Canadian Dollar (CAD), Euro (EUR) and Japanese Yen (JPY). Both spot and forward exchange rates were collected on a daily basis for each of these currencies, and the maturities of the forward rates include 1-day, 1-week and 1-month horizons. acceptance of the UFRH for both CAD and JPY. EUR rejects the hypothesis in 1-day horizon, but to the opposite direction that the puzzle usually displays. Apparently, the forward premium puzzle depends on the maturity of forward contracts and, in this case, the puzzle exists in the 1-week or 1-month horizon but not in the 1-day horizon.
Robust tests

Does the time period of the finding vary?
Some studies, such as Zhou and Kutan (2005) , show that the forward premium puzzle depends on the period of time that the data used in the test were collected.
Therefore, for this research, there is the possibility that the finding can only be observed in the particular period when the research was conducted. This subsection offers, therefore, a discussion of the tests in terms of the robustness of the finding across periods.
Ideally, this problem can be addressed easily if the data for exchange rates with different horizons in other periods can be obtained. However, due to the lack of qualified data, such a test could not be conducted. Alternatively, a rolling regression was applied to test the robustness of the finding across various periods (subperiods) within the entire data period. In the regressions, a window is chosen that is shorter than the entire data coverage. Beginning at the first instance of this window, equation
(1) is used to regress the data within the window and obtain one result. Then, moving the window one position forward and regressing the data in the next window generates another result. This process continues until the bottom of the window reaches the end of the data. Thus, multiple estimates can be obtained to determine whether the new finding is consistent across subperiods. A 5-year window is employed for the CAD and JPY, and a 3-year window is used for the EUR due to its smaller sample size. 2), which contain 60.26% total estimates for the CAD, 53% for the EUR and 89.1%
for the GBP. Moreover, the farther away the interval is from 1, the fewer estimates it contains, which implies that the estimates in the 1-day horizon converge to some point within a narrow interval around 1. In contrast, a majority of estimates in 1-week and 1-month horizons are still found to be negative. In the 1-week horizon, 98% of the total results for the CAD are negative. This ratio for the EUR is 79.2%
and 82.96% for the JPY. The same scenario can be seen in the 1-month results. The table also displays the convergence pattern for each currency in these two medium horizons. The CAD results converge to a number in the interval between -5 and -4 in both horizons. The EUR convergences are numbers less than -5 in both horizons.
The JPY 1-week results converge to a number around -2, and the JPY 1-month results focus on an interval between -1 and 0.
Although the test shows that the slope coefficients in all horizons vary with time across currencies, it also provides strong evidence to suggest that the slope coefficients are positive in a 1-day horizon and negative in 1-week and 1-month horizons. This difference between the short horizon and the medium horizon is a robust finding for each currency across different subperiods examined in this research.
Does the sign of the forward premium affect the finding?
Another important nonlinearity in the relationship between the forward premium and the spot exchange rate change found in the literature is that the sign and magnitude of the slope coefficients in the test depend on whether the forward premium is positive or negative. Bansal (1997) , 3 for instance, claims that the empirical rejection of the unbiasedness hypothesis, especially the forward premium puzzle, is applicable to situations in which the forward USD is quoted at a discount, but not for cases in which it is quoted at a premium. Further discussion about this issue can also be found in Zhou and Kutan (2005) . This section tests whether the finding is robust relative to the sign of the forward premium.
Following Bansal (1997) , a dummy variable is used to divide the forward premium into positive and negative groups. Let
be defined as:
Thus, instead of testing the entire data without regard to sign, equation (1) can be estimated with each group of positive and negative forward premiums to determine whether the finding depends on the sign of the forward premium.
Testing results are reported in Table 3 . According to the table, the CAD and EUR have similar results. In the 1-day horizon, the t-statistics of slope coefficients for both of these currencies are too small to reject the unbiasedness hypothesis at above a 5% significance level in all groups. Although the slope coefficients obtained from the negative forward premium group generally are higher than the positive group's slope coefficients (CAD 0.5819 vs. -0.1824; EUR 5.1278 vs. 2.3830), the acceptance of the hypothesis in the 1-day horizon is unaffected by the sign of the forward premium. In 1-week and 1-month horizons, tests for both currencies still generate significant negative slope coefficients, regardless of the sign of the forward premium.
Although the slope coefficients obtained from the negative groups deviate from their theoretical value unity further than the coefficients of the positive groups, the
rejection of the hypothesis in both medium horizons is also independent of the sign of the forward premium. JPY test results do not provide sufficient information because almost all JPY forward premiums in the test data period are positive in the 1-day horizon and negative in the 1-week and 1-month horizons. Thus, the test data for this research are unable to show whether the results are different between the positive and negative groups for the JPY.
Despite the lack of information for the JPY, both the CAD and EUR show sufficient supporting evidence for the finding. Although the sign of the forward premium does somehow affect the slope coefficient, it does not change the fact that the forward premium puzzle disappears in the 1-day horizon while it still exists in medium horizons. This pattern is consistent across the different sign groups and, therefore, proves to be a robust observation relative to the sign of the forward premium.
Do transaction costs affect the finding?
The traditional test presented in Section 2 is based on covered interest rate parity (CIP) and uncovered interest rate parity (UIP). Both CIP and UIP are derived from the condition of no arbitrage; however, most studies found in the literature usually ignore the difference between selling and buying prices in the arbitrage process.
Taking into account this difference, as argued in Cornell (1989) and Bekaert and Hodrick (1991) , the fundamental relationship governed by CIP and UIP is changed, which further affects the validity of the traditional test. This section examines the extent to which these transaction costs affect the finding of this research.
A new test is needed that incorporates the transaction costs represented by the bid-ask spread. The CIP is the foundation of the traditional test and its theoretical foundation is simple: yields of investments on domestic and foreign risk-free assets should be equivalent. Let k t R , and * ,k t R denote domestic (i.e., U.S.) and foreign nominal return rates (i.e. 1+norminal interest rates), respectively, with maturity τ at time t . t S is the spot exchange rate, and τ , t F represents the forward exchange rate.
Assume that all exchange rates are indirect quotations, i.e., units of foreign currency per unit of domestic currency (USD). The return of buying foreign bonds should be
where superscripts a and b represent the ask and bid prices, respectively. Therefore, the CIP with arbitrage costs can be expressed as
Similarly, a new version of UIP is
where e a t S , ,τ is the expected future ask price at time t . Given rational expectations and risk neutrality, combining the log forms of equations (2) and (3) gives
4 The arbitrage process is as follows: sell 1 unit of domestic currency for foreign currency in the spot market at bid price 
Equations (2) and (3) are the no arbitrage conditions measured in domestic currency; however, foreign residents might evaluate their returns in a foreign currency. In that case, foreign residents also have two options for investment. Option 1 is to buy foreign bonds with foreign currency directly; the return is * ,τ t R at maturity.
Option 2 is to transfer the foreign currency into domestic currency first, then buy domestic bonds, and eventually transfer the return back into the foreign currency. In the second case, the return will be τ τ 
Also, given rational expectations and risk neutrality, combining the log forms of equations (6) and (7) gives
Then, another test equation that includes transaction costs can be written as 
For the new test equations, (5) and (9), if the unbiasedness hypothesis still holds, the null hypothesis that
should not be rejected. and new tests suggest that the forward premium puzzle disappears in the 1-day horizon while it still stands as a significant phenomenon in 1-week and 1-month horizons. For the EUR, although a couple of the tests reject the unbiasedness hypothesis in the 1-day horizon, the slope coefficients in this horizon are undoubtedly positive, which is opposite to the direction that the puzzle usually suggests. In medium horizons, including the transaction costs does not change the fact that the slope coefficients are significantly negative numbers. For the JPY, the results are not sufficiently significant to be able to obtain strong evidence from this currency. However, it can be seen that the 1-day horizon generates positive slope coefficients whereas the two medium horizons have negative ones. Overall, this robust test shows that the findings reported in Section 2 are reliable even when transaction costs are incorporated in the test.
Does high persistence of the forward premium affect the finding?
More recent literature casts doubt on the econometric validity of the traditional test due to the highly persistent behavior of the test's regressor (i.e., the forward premium). Time series econometricians find that the spot exchange rate change is stationary, whereas the forward premium is highly persistent. Crowder (1994) and Evans and Lewis (1995) fail to reject a unit root in the forward premium. Baillie and Bollerslev (1994) and Maynard and Phillips (2001) , however, detect evidence of long memory, and Choi and Zivot (2007) are in favor of structural breaks. Although the exact form of this persistence (near-unity root, long memory and structural break) has been somewhat controversial, the nonstationarity of the forward premium, as concluded by Baillie and Bollerslev (2000) as well as Maynard and Phillips (2001) , nevertheless invalidates standard statistical inference for the traditional unbiasedness test and, therefore, affects the accuracy of the test results.
To determine whether the findings reported in Section 2 are spurious results due to the aforementioned reasons, an ARFIMA specification is employed to test the stationarity of the forward premium series in various horizons. The general 
The models are estimated by the Maximum Likelihood Method, and Table 5 reports the estimation results. According to the table, the stationarity of the 1-day forward premium is supported by the near-zero integration order (d) obtained from the test across currencies. In contrast, d is over 0.5 for the 1-week forward premium, and even close to 1 for the 1-month forward premium, which makes both series nonstationary processes for all currencies.
On the one hand, the stationarity of the 1-day forward premium suggests that the validity of the traditional test is not undermined and, therefore, it is a robust finding that the puzzle does not exist in the short horizon. On the other hand, the nonstationarity found in the 1-week and 1-month forward premium series invalidates the traditional test that was conducted earlier. Naturally, the question is whether this nonstationarity causes the negative slope coefficients that are found in medium horizons to be spurious results. An alternative test, whereby the test results are not affected by the regressor's time series property, is needed to address this concern.
Motivated by Maynard (2006) , such a test may be conducted using the sign test of Campbell and Dufour (1995 has an exact binomial finite sample distribution with n trials and a probability of success equal to 0.5.
To explore the puzzle using this test, rearranging the tradition test equation
which can be rewritten as 
, where 0 b is the media of excess return. 5 If the unbiasedness hypothesis holds, i.e., the excess return and the forward premium are independent, then
should have an exact binomial finite sample distribution with n trials and a probability of success equal to 0.5, which can be examined by a standard proportional t-test.
The sign test is particularly attractive in the current context because 1) it allows for exact finite sample critical values, thus eliminating the previous concern over finite sample bias and size distortion, and 2) these critical values do not depend in any way on the nature or degree of the persistence in the forward premium. In other words, the test applies equally under the autoregressive, long-memory, and structural break models considered in the literature on the forward premium.
The results of the test are reported in Table 6 . If the forward premium and excess return are independent, the theoretical value of ratio n b S g / ) ( 0 should be 0.5. For the CAD 1-day test, this ratio is 0.4962, and its insignificant t-statistic suggests that the puzzle does not exist in this horizon. In contrast, the same ratios in both medium 5 Campbell and Dufour (1995) and (1997) also discuss the case of unknown media 0 b . In the application of the test for this research, the value of 0 b only affects the result of constant items in equation (11), but not the key coefficient β ′ . Therefore, in this research it is assumed that 0 b is known and the media of excess return is used directly.
horizons are significantly lower than 0.5, which suggests a significant negative relationship between the forward premium and excess return. This result implies that even after the high persistence factor is eliminated, the puzzle still exists in medium horizons. This pattern can also be seen from JPY data, although JPY 1-week test results are not sufficiently significant. For the EUR, the table shows that the unbiasedness hypothesis is rejected in all three horizons. However, a significant positive relationship between excess return and the forward premium is verified by the sign test for the EUR in a 1-day horizon, which is opposite to the scenario that the tests display in medium horizons. This robust test shows, therefore, that even when the econometric properties of the forward premium no longer invalidate the test, the findings reported in Section 2 are still true.
Implications and discussion
The primary finding from this study offers great implications for the solutionseeking process of the forward premium puzzle. Logically, if a study claims that a single factor causes the puzzle, then in a scenario where the puzzle does not exist, the particular factor should not exist either. This research suggests that a very short horizon is such a scenario. Therefore, the short horizon provides a strong logical tool to evaluate the validity of current standard explanations for the puzzle.
To be consistent with this finding, a successful theory that can help explain the puzzle must be able to show that the conditions causing the puzzle exist in medium horizons, but not in short horizons, such as a 1-day horizon. Current popular suggestions for the causes of the puzzle include factors such as: 1) time-varying risk premiums, 2) irrational expectations, 3) learning problems, 4) endogenous interest rates or monetary policy, and 5) econometric explanations. These explanations are examined one by one in the following, based on the logic that is inherent of the finding.
1) The attempts to solve the premium forward puzzle began with a renewed look at the conditions on which the UFRH is based. Relaxing the assumption of risk neutrality, Fama (1984) reconciles the anomalous results by considering the existence of a risk premium. It can be shown that a negative slope coefficient requires that the risk premium and expected exchange rate change are negatively correlated, and that the former has a higher variance than the latter. To accommodate the finding of this research within this framework, the risk premium in very short horizons should be negligible or positively related to the expected exchange rate change. This hypothesis is intuitively reasonable because risk is relatively small in short horizons. Therefore, it appears to be a promising direction that can reconcile the new finding with the old puzzle, although the real challenge for this risk premium theory is to build a model that can generate the risk premium satisfying these conditions.
2) Another standard explanation of the puzzle is offered by relaxing the other necessary conditions on which the UFRH is based, that is, rational expectations. The argument of this theory is that systematic errors in expectations introduce bias into the forward forecast error, which causes the coefficient to be negative. Gourinchas and Tornell (2004) , for instance, introduce a specific distortion to investors' beliefs about future interest rates and assume that the investors misperceive the relative importance of transitory and persistent interest rate shocks. Gourinchas and Tornell show that the puzzle appears if the investors overestimate the importance of the transitory shocks relative to the persistent shocks or, equivalently, under-react to the interest rate innovations. According to this theory, the empirical finding from this research assumes that the investors misperceive the interest rate innovations in medium horizons but not in short horizons, such as one day; this assumption is likely, but needs further investigation.
3) The theory of learning process, which was created by Lewis (1995) , states that when regime switches occur in the foreign exchange market, it takes time for agents to update their information and realize the change. The model claims that if over half of market agents make their expectations based on the old system, then the covariance of the spot exchange rate change and the forward premium becomes negative, which leads to the negative coefficient β . In order to explain the puzzle, this theory should be able to justify the claim that on a weekly or monthly basis over half of the agents make their expectations based on the old system, but on a daily basis less than half do so. Intuitively, if there is a regime switch, agents are more likely to realize the switch within one week or one month rather than one day. So, the learning process scenario may exist in longer horizons but not in shorter ones.
Apparently, this theory is questionable for explaining the finding from this research. McCallum (1994) proposes a solution to the puzzle from the perspective of monetary policy. This model argues that a monetary policy rule exists that makes the interest rate differential endogenous and adjusted to exchange rate changes and, given that the parameters of the policy rule lie in a particular range, the slope coefficient β is negative. To be a successful theory that is applicable to the finding of this research, the model must show that this policy rule works in the horizon of one week or one month, but not in one day. However, literature is lacking that cites monetary policies that target exchange rates focused on only weekly or monthly horizons. Therefore, this theory is not likely to be compatible with the new finding. According to Baillie and Bollerslev's estimations (Baillie and Bollerslev (1994) ), the forward premium is an unstationary fractionally integrated process with d values between 0.5 and 1. Meanwhile, many studies highlight the fact that the change in the spot exchange rate follows a nearly I(0) process. So, as discussed in Section 3.4, these econometric properties of variables included in the traditional test might invalidate the test itself. As concluded by Baillie and Bollerslev (2000) as well as Maynard and Phillips (2001) , the forward puzzle might be simply a statistical artifact caused by the imbalance of the integration order in both sides of the test equation. However, the results of the sign test, discussed in Section 3.4, become a strong objection to the econometric explanation of the puzzle. This research shows that the puzzle still exists even when the reference of the test does not depend on the econometric features of the forward premium. Thus, it is not likely that the puzzle can be fully explained by this theory.
4)
Based on the analysis above, a valid explanation of the puzzle most likely comes from the perspective of market information integration and expectations formation.
The time-varying risk premium also shows potential. The simple and logical discussion outlined in this section suggests that further research should head in these directions.
Conclusions
This paper examines the forward premium puzzle based on the most recent data for multiple horizons. The paper employs the traditional test first and finds that the puzzle exists in medium horizons but not in short horizons, such as one day. Several further tests show that this finding is robust relative to time periods, transaction costs, and both the sign and the high persistency of the forward premium.
The forward premium puzzle has been studied extensively for over two decades.
Economists have created numerous models and explanations of this anomaly.
However, agreement has not been reached on any of these explanations and, therefore, the solution-seeking process continues. This paper does not provide a new explanation per se, but rather presents an efficient logical tool to evaluate the current explanations and directs future research to approximate the ultimate truth about the puzzle.
This study finds a new fact about the puzzle, but also raises more questions to be answered. First, why are the results so different between short horizons and medium horizons? Naturally, the next step of this research is to find a theoretical explanation.
As discussed above, the paper suggests that information integration and expectations formation in the foreign exchange market comprise the most promising directions to approach the puzzle. Second, what is the pattern of results if more horizons are included? Due to the limited availability of data, this study inspects only three horizons. The research would be more complete if more horizons were included. A more complete term structure of the puzzle could be obtained if the data covered short horizons (such as one day) through long terms (such as a 5-year horizon). Then, more observations would be likely and new findings would deepen understanding about the puzzle and facilitate solution-seeking efforts. . For the results of JPY in 1-day horizon, "few negative" means that most of JPY forward premiums in this horizon are positive so that no reliable results can be obtained for negative group. For the results of JPY in 1-week and 1-month horizons, "no positive" means that all forward premiums in these horizons are negative so that we do not have a positive forward premium group. **: significant at 5% level, *: significant at 10% level 
